of dust and duration of exposure and other pulmonary diseases such as tuberculosis 5) . Moreover, little literature is available regarding pulmonary function tests among stone quartz grinders. In view of these facts, the present study was carried out to measure lung volumes and rates among stone quartz grinders and to analyze the factors affecting them.
Materials and Methods
The present study was designed as a cross sectional study. 134 quartz ex-workers were included in the current study. These ex-workers were identified by one of the voluntary organizations. All these workers worked earlier in different quartz crushing units. With an interview technique as a tool for data collection, demographic and occupational details of the subjects were recorded on the predesigned proforma. In the present study those who have left off smoking since last year were categorized as ex-smokers. To analyzing the effect of the smoking habit on PFT values, the ex-smokers were included in the nonsmokers group as they were very few in number and most of them smoked only occasionally when they were smokers. Also the females were excluded when analyzing the effect of smoking as no female was a smoker and the inclusion of females might have diluted the effect. Standard diagnostic criteria were used for diagnosing silicosis and silico-tuberculosis. The pulmonary functions of the subjects were measured with Spirovit SP-10 (Maker Schiller AG, Switzerland). After calibrating the spirometer according to the procedure given in the catalog, three readings of each ventilatory function of each subject were taken. The readings showing the highest value were recorded considering that the subject has co-operated at his/her best and were used for further analysis. Statistical analysis was carried out with a statistical software package "Epi Info 5" (World Health Organization, Geneva) and included calculation of the proportion and percentages and application of tests of significance such as one way and two-way ANOVA.
Results
The present cross sectional study included 73 (55.2%) males and 60 (44.8%) females making a total of 133 subjects. The majority of the subjects were in the <35 yr age group (60.4%). The mean age for males was found to be 33.18 ± 10.39 yr and that for females was 30.10 ± 9.3 yr and for the whole group was 31.77 ± 9.99 yr. The mean duration of exposure was 2.74 ± 1.65 yr. Socioeconomic status revealed that most of the subjects belonged to lower socio-economic strata according to the modified Kuppuswamy's socio-economic classification 6) . Table 1 shows the distribution of lung function parameters according to age groups. Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 second (FEV 1 ) and Peak Expiratory Flow Rate show a nonsignificant decline with increasing age whereas MMEFR 25-75% shows a significant decline with increasing age. Distribution of lung function parameters according to sex is shown in Table 2 . In females FVC, FEV and PEFR are found to be significantly lower in males and MMEFR 25-75% was non-significantly lower in females. Table 3 shows the distribution of lung function parameters according to duration of exposure. All lung volumes and rates are found to be significantly reduced with increasing duration of exposure. Table 4 shows the distribution of lung function parameters according to the smoking habit among the study subjects. All the lung volumes and flow rates were found to be significantly lower in smokers as compared to non-smokers and exsmokers. The effect of respiratory morbidity on lung function parameters is shown in Table 5 . A highly significant decrease in lung volumes and rates were observed in those with silicosis, silico tuberculosis and tuberculosis as compared to those without respiratory morbidity.
Discussion
The present study was carried out among the exworkers from quartz stone crushing units of Godhara, Gujarat, India analyses the pulmonary function parameters in relation to age, sex, duration of exposure, smoking habit, duration of smoking and presence of respiratory morbidity.
The most common pulmonary change that occurs with aging is that the lungs become less resilient. Lung tissue loses its elasticity decade after decade and, at the same time, the chest wall becomes more restricted. As the chest wall becomes less compliant and stiffer with age, forced vital capacity (FVC) decreases 7, 8) , but nonsignificant reduction in FVC can be attributed to the smaller sample size in the older age groups and some degree of loss of information during categorization of the age groups. Similarly FEV 1 , which indicates obstruction of the airways, was also found to be nonsignificantly lower in older age groups. MMEFR 25-75% which is considered to be an early indicator of airway disease, since FEF 25-75% measures flow in the smaller airways where early changes are more detectable, was N=Normal, S=Silicosis, STB=Silico-tuberculosis, TB=Tuberculosis N=Normal, S=Silicosis, STB=Silico-tuberculosis, TB=Tuberculosis found to be significantly reduced. Thus it can be said that though larger airways are not so much affected, the smaller airways signs of a definite obstructive change with advancing age. All the lung function parameters were found to be significantly lower in females than in males. This can be partly attributed to the differences in their anthropometric measurements such as height and weight and partly to the multiple exposures in females. In this society females are involved in the domestic cooking process. Being tribal and belonging to lower socioeconomic strata, these families use wood, coal and cow dung cakes as fuel. All these cheap types of fuel are known as irritants of the respiratory tract 9, 10) . Secondly, the prevalence of smoking among males is very high, and as their housing conditions are very poor the females are exposed to passive smoking through their male counterparts. Studies reported that when non-smoking adults are exposed to cigarette smoke, the pulmonary function tests showed a reduction in expired airflow at lower lung volumes at rest in men and with exercise in women [11] [12] [13] [14] , but the magnitude of this change was quite small. Similarly, the White and Froeb study 15) also found a significant reduction in some pulmonary function tests (FEV 1 and MMEFR 25-75% ) in adults exposed to tobacco smoke in the work environment compared to those who did not have this exposure. The change in pulmonary function tests was not severe, but was comparable to that which might be seen in smokers of 1 to 10 cigarettes a day. Thirdly, by virtue of their occupation these females are also exposed to free silica dust causing damage to pulmonary tissue. Whereas the first two types of exposure are responsible for obstructive changes through mucosal hypertrophy and formation of mucosal plugs, the third type of exposure causes restrictive changes by resulting in pneumoconiosis.
In relation to the duration of exposure, a significant decline in all lung volumes and rates can be attributed to the dose-response phenomenon. Quartz stone contains 100% free silica and thus even with small duration of exposure, starts pathological changes in workers exposed to it. Moreover, poor working conditions also result in more inhalation of free silica dust. Although free silica is responsible for restrictive types of pulmonary function changes, obstructive types of changes can be attributed to concomitant high prevalence of smoking among workers.
Smoking is a well-known factor causing obstructive changes by causing irritation of the respiratory mucosa resulting in hypertrophy of mucosal epithelial cells. This causes increased secretion of mucus and leads to formation of mucosal plugs thereby obstructing the outflow of inhaled air 16) . This is substantiated by the significantly lower lung function parameters except PEFR in smokers as compared to smokers and ex-smokers. A non-significant reduction in PEFR may be due to the fact that it is the most variable of the derived flow rates because it is so dependent on patient effort. Although the study is limited to the smoking habit only, due to the unavailability of data on the duration and amount of smoking, the relationship between the duration and amount of smoking would have revealed a greater effect of smoking.
Free silica dust known to cause silicosis is responsible for causing silicosis in the study subjects. Studies also suggest that silicosis predisposes the individual to have added Mycobacterium tuberculosis infection 17, 18) . Unfortunately, both these conditions are usually diagnosed by radiography at advanced stages when much damage has already been done. Nevertheless, pulmonary function tests provide detailed evidence for the presence or absence of airway obstruction in the earlier stages. In this study also, all the pulmonary function parameters revealed deterioration in lung function. Earlier studies have also reported similar findings [19] [20] [21] . Further two-way ANOVA was carried out to study the effect of morbid respiratory conditions while adjusting for age, sex, duration of exposure and smoking habit. For FVC, the F ratio of respiratory disease was found to be significant after adjusting for age (F=5.96; df=3; p<0.01), sex (F=227.9; df=3; p<0.001), duration of exposure (F=22.21; df=3; p<0.001) and smoking habit (F=10.54; df=3; p<0.01). This suggests that the difference in the FVC can be attributed mainly to respiratory morbidity. Similarly, for FEV 1 the F ratio for respiratory disease was also found to be significant after adjusting for age (F=13.26; df=3; p<0.001), sex (F=70.09; df=3; p<0.001), duration of exposure (F=16.29; df=3; p<0.001) and smoking (F=15.51; df=3; p<0.001). PEFR values were reduced among the subjects suffering from respiratory diseases such as silicosis, silico-tuberculosis and tuberculosis as compared to those without respiratory diseases when adjusted for age (F=9.24; df=3; p<0.01), sex (F=10.72; df=3; p<0.01), duration of exposure (F=10.03; df=3; p<0.01) and smoking (F=9.83; df=3; p<0.01). Similarly, the MMEFR 25-75 values were also found to be reduced among the subjects suffering from disease such as silicosis, silico-tuberculosis and tuberculosis as compared with those without the disease when adjusted for age (F=15.41; df=3; p<0.01), sex (F=14.8; df=3; p<0.01), duration of exposure (F=14.69; df=3; p<0.01) and smoking (F=9.66; df=3; p<0.01). Nevertheless, the difference in all the four spirometric values studied was also found to be significant with increasing duration of exposure, suggesting that the chances of developing diseases increases with increased duration of exposure, thereby further deteriorating lung function (Tables 6-9) .
It can therefore be concluded that quartz stone workers who are exposed to approximately 100% free silica have deteriorated lung function and it can be attributed mainly to respiratory disorders, along with other epidemiological factors such as age, sex, duration of exposure and smoking.
